Summary.
The "fat-storing cell" discovered in the liver by ITO (1951) has been considered as specific to this organ. In the present study, the three light microscopic criteria of the cell, i. e., (1) Occurrence of vitamin A in tissues has been visualized by the fluorescence characteristic for this substance (VON QUERNER, 1935; KUDO, 1938; HIRT and WIMMER, 1940) .
POPPER and his group extended a systematic study by this method and revealed that vitamin A occurred in intracellular fat droplets contained in the liver, adrenal, kidney, lung and some other organs in the rat (POPPER and GREENBERG, 1941; POPPER, 1944) and the human (POPPER, 1941) , and the vitamin content in the tissues was increased after oral administration of vitamin A or carotene (POPPER and GREENBERG, 1941) . The study of POPPER and GREENBERG, however, was not on a solid cytological basis and they did not strictly consider what type of cells in the body comprised the vitamin storing system. In the liver of the human (POPPER, 1941) and rat (POPPER and GREENBERG, 1941) , these authors declared that "the Kupffer cells contained small lipoid droplets rich in vitamin A."
Since Ito and his collaborators discovered a multilocular fat cell under the name of the "fat-storing cell" in the space of Disse of the liver (ITO, 1951; ITO and NEMOTO, 1952; ITO et al., 1952) , its constant occurrence and independent nature have been fully established (ITO and SHIBASAKI, 1968; ITO, 1969) . That this ITO cell, and not the Kupffer cell, uptakes and stores exogenously given vitamin A into its fat droplets has been
proposed by NAKANE (1963) and later confirmed by WAKE (1971 WAKE ( , 1973 WAKE ( , 1974 , KOBAYASHI et al. (1971 ), and HIROSAWA and YAMADA (1973 .
The Ito cell has been accepted as specific to the liver and its occurrence in other tissues and organs has not been known.
Recently HIROSAWA and YAMADA (1974) reported by means of autoradiography using 3H-vitamin A that the alveolar "septal 121 cell" (YAMADA, 1974) 
Material and Methods
Rats of either sex weighing 200-300g were subcutaneously given an aqueous solution of vitamin A palmitate ("Chocola A" kindly provided by its maker, the Eisai Co. Ltd.) 4 times, once every other day, with a total dose of 1,000,000I. U. /kg. The control animals were injected with 4% aqueous solution of HCO 60 (the surfactant contained in "Chocola A"). From two to four weeks after stopping the administration of vitamin A, different tissues (see Observations) were taken from the animals in formaldehyde or chromic acid (vide infra). These tissue sections were treated by the three methods which are generally used for light microscopic identification of the Ito cell of the liver and will be explained below.
Sudan III staining
Sections fixed in 10% formaldehyde were dipped for 1hr in 100ml 70% alcohol 2. Vitamin A detection by fluorescence microscopy
The formaldehyde-fixed sections were mounted in physiological saline and observed under the fluorescence microscope (Orthoplan, Leitz; 2mm UG 1 filter). When rescence which characteristically fades away within several to several tens of seconds (POPPER, 1941 (POPPER, , 1944 .
Gold impregnation
The original method by KUPFFER (1876) was applied in this study as follows: Slices of fresh tissues (3-5mm thick) were fixed for 10min in 0.05% chromic acid the same fluid. The sections were lightly rinsed in a mixture of 1ml of 1% HCl, 1ml of 1% AuCl4 and 98ml of distilled water and left overnight in darkness and at room temperature in another change of the fluid. The sections were then rinsed in 1% HCl, dehydrated in alcohol and mounted in balsam.
In the present study, a part of the material was fixed in 10% formaldehyde in place of chromic acid. In this modified method precipitation of the reaction product is localized on the fat droplets of the fat-storing cells, whereas in the original method by Kupffer diffusion of the reaction product tends to occur (WAKE, 1975 These reactions of the cell to exogenous vitamin A are especially marked in the cells of the liver.
The distribution, morphology and reactions of the cell to vitamin A administration in different organs of the rat will now be described.
Liver
Observation of the sections stained by Sudan III and hematoxylin confirms the well established location of the fat-storing cells of Ito in the space of Disse. The rounded or elongated nucleus is in the cell center. The cytoplasm contains small fat droplets stained red by Sudan III, which usually are not very numerous but are conspicuously increased and fused together into larger droplets after administration of vitamin A. Slender processes of the cell then may be visualized by the beaded droplets contained in them (Fig. 1) .
Fluorescence microscopy confirms the occurrence of vitamin A in the fat droplet of the cells (Fig. 5-a) ; the green fluorescence fades away within 10-20 sec after the tissue sections have been excited by ultraviolet light. After vitamin A administration the droplets of the cells fluoresce conspicuously intensively as compared with the control specimens.
Fat droplets in the hepatocytes fluoresce very weakly in green and mostly fade away, too.
By means of Kupffer's gold impregnation, the fat-storing cells of Ito, which really correspond to what KUPFFER (1876) originally described as "Sternzellen" (WAKE. 1971 (WAKE. , 1975 , could be demonstrated just as "black stars regularly distributed against the red background" (KUPFFER, 1876). Slender cell processes were extended along the space of Disse and ended in fine, undefinable ends (Fig. 5) . The reaction of the cells to this impregnation after vitamin A administration was especially clear as WAKE (1975) pointed out.
Cells with sudanophilic small droplets undistinguishable from the cell of Ito were found in the interlobular connective tissue infiltrated with lymphocytes.
Here the cells were distributed less regularly than in the lobules and often grouped in cell nests.
Lung
Cells with small sudanophilic droplets and with a centrally located nucleus are found in the subpleural tissue, in the connective tissue surrounding the bronchioles and blood vessels and in the alveolar septa (Fig. 3, 6, 18) .
Fluorescence microscopy revealed the occurrence of vitamin A in the droplets of the cells (Fig. 10) . The fluorescence of vitamin A tended to be more intense in the subpleural and perivascular connective tissues than in the alveolar septa. The vitamin A fluorescence in the cells of the lung was weaker and faded more rapidly (in a few seconds) than in the Ito cells of the liver.
Gold impregnation revealed occurrence of positively stained cells of stellate, angular and oval shapes at the same loci as described above (Fig. 14) . The reaction was especially clear only in the animals treated with vitamin A.
Small intestine
Cells with a central oval nucleus and small sudanophilic droplets occur in the lamina propria mucosae, especially in the villi (Fig. 17) . The cells are conspicuous enough in the Sudan-stained sections without any treatment with vitamin A (Fig. 8) . But after vitamin A administration, they seem still more swollen by enlarged fat droplets, though this change is not so conspicuous as in the Ito cell in the liver (Fig.  2) .
The fluorescence of green color and quick fading occurs in the corresponding sites in the tissue but it is clear only after administration of vitamin A (Fig. 11) . As in the lung, the fluorescence in question was weaker than in the liver and faded more quickly. In gold impregnated sections of the animals administered vitamin A, the blackened cells appeared mostly in oval forms with irregular contour (Fig. 15) . The cells of the same morphology and stainability and emitting the same type of fluorescence as the cells in the small intestine are found in the gastric mucosa. They were concentrated in the lamina propria mucosae intercalated between the bottom of the gastric glands and the lamina muscularis mucosae (Fig. 9, 13, 17) .
Spleen
The same, sudanophilic and fluorescent cells were found in the Billroth cords of the red pulp. The cells were mainly oval in shape and tended to appear in groups (Fig. 4, 12, 16) . A few cells occasionally were included in the white pulp of the spleen (Fig. 18 ).
Other tissues
Occurrence of the cells with the same morphological features were further confirmed in the following tissues, though only by double staining in Sudan III and hematoxylin. 1) Large intestine: As in the small intestine, the cells numerously occur in the lamina propria mucosae (Fig. 17) .
2) Lymph nodes: The cells are either dispersed or grouped in the capsule, cortex and the medulla (Fig. 18) .
3) Thymus:
The cells are found in the capsule and cortex but few in the medulla (Fig. 18) .
4) Bone marrow:
The cells are found in the reticular parenchyme of the bone marrow.
Some granulocytes were noticed also sudanophilic, though they were smaller in the size of the cell and of the droplets. 5) Kidney: A few cells are dispersed in the capsule, interstices among renal tubules and even in the mesangium in the glomerulus (Fig. 7) . 6) Adrenal:
The cells were mainly found in the capsule and zona reticularis. In the latter, they occur in the perisinusoidal space or intercalated between the and RODRIGUETZ, 1933; NOETZEL, 1939; HIRT and WIMMER, 1940; JOSEPHS, 1944) . From this viewpoint, a few authors actually described that fat deposition occurred in reticuloendothelial cells in the spleen (DOMAGK and DOBENECK, 1933; UOTILA and SIMOLA, 1938; NOETZEL, 1939) and in the bone marrow (NOETZEL, 1939) of rats after vitamin A administration. Worthy of special mention in this connection is the work by KUDO (1938) , anatomist and late professor of the University of Niigata, who noticed that a special vitamin A-containing cell occurred widely in the reticuloendothelial system. Although KUDO, using a huge fluorescence microscope of his own design, could not photographically record the rapidly fading vitamin A-fluorescence of the cell in question, this cell most probably corresponds to the cell reported in the present study, and his view correlating the cell with the reticuloendothelial system seems most close to ours. Independent of the work by KUDO, which had long been forgotten, the studies of the "fat-storing cell" in the liver have developed in the school of Prof. ITO of Gunma University, and its relation to vitamin A has recently been investigated as mentioned in the Introduction.
By electron microscope autoradiography after administration of 3H-vitamin A, HIROSAWA and YAMADA (1974) revealed that the alveolar septa in the lung contain vitamin A-storing mutilocular cells which they identified with the previously dis-parenchymal cells (Fig. 18 ). 7) Aorta: Sometimes a considerable number of the cells could be found in groups in the adventitia. 8) Trachea: The cells were in the lamina propria mucosae and adventitia. In the former, they were numerous in lymphocyte infiltrations. YAMADA and HIROSAWA (1976) , to be identical with the Ito cell in the liver, but this identity should still be confirmed. As mentioned above, the cell in the liver emits fluorescence of vitamin A more strongly than the cells in other tissues.
In the pig, the Ito cell is known to possess characteristically only a few large fat droplets (ITO et al., 1952) It must be remembered that in the present study vitamin A was not, as has been usual in the previous studies, given orally but parenterally. Although it is generally not satisfactorily described in the textbooks of histology, the mucosal lamina propria is one of the most typical reticular tissues in the body. Almost nothing is known of the physiological role and possible pathological significance of this vitamin A-storing cell. As it was noticed in the course of this study that some rats given large doses of vitamin A showed unusually numerous cells of this type in the aortic wall, and as vitamin A is known to be involved in the metabolism of cholesterols in blood (WENDT, 1936; JOSEPHS, 1944; WISS et al., 1961) , it seems not imprudent to propose the possibility that the vitamin A-storing cell might somehow be related to the pathogenesis of arteriosclerosis due to cholesterol accumulation in the tissues. Even the most fundamental questions on this cell can not be answered at present: does the cell carry vitamin A with a positive purpose such as to distribute it to the tissues for metabolic use, or does the cell uptake and dispose of it to eliminate superfluous and possibly harmful vitamin A occurring in the tissue?
We found that the cell, both in the liver and other tissues, retains a large amount of vitamin A as late as 60 days after stopping administration, and this seems to indicate a rather long and innert storage of the vitamin in the cell.
At any rate, more precise studies should be made on this new cell system from morphological, cytochemical, pathohistological and embryological viewpoints, and the findings thus obtained will surely give a clue to the promotion of our knowledge on the significance, metabolism and pathogenic aspects of vitamin A.
